The combination of lenalidomide and dexamethasone (Len-Dex) is a commonly used initial therapy for newly diagnosed multiple myeloma (MM). Although the initial response rates and toxicity are well known, long-term outcome is not well described. We studied 286 consecutive patients with newly diagnosed MM initially treated with Len-Dex. The median (range) age at diagnosis was 63 (28-92) years, 166 (58%) patients p65 years and 175 (61%) male. The median estimated duration on Len-Dex was 5.3 months with overall response (Xpartial response) of 72%, including 26% with very good partial response or better. The median overall survival (OS) from the diagnosis was not reached (NR) and the estimated 5-year survival was 71%. The median time to first disease progression, irrespective of transplant status, was 30.2 months. Overall, 143 (50%) patients underwent stem cell transplant. The median OS was NR for patients p70 years and 5.8 years for the older patients (P ¼ 0.01). The 5-year OS estimate for patients in International Staging System stage 1, 2 and 3 were 82, 65, and 44% respectively. There were 21 new second malignancies after MM diagnosis (6.6%). The median survival exceeding 7 years reflects the efficacy of novel agents. The risk of second malignancies doesn't appear to be excessive in this population.
INTRODUCTION
Over the past decade, survival of patients with multiple myeloma (MM) has improved dramatically with the advent of novel classes of effective drugs, such as the proteasome inhibitors and the immunomodulatory drugs. 1 On the basis of the promising results seen with these drugs in the treatment of newly diagnosed myeloma in phase 2 2, 3 and phase 3 trials, 2,4-6 combinations that include one or more of these drugs have become the standard initial therapy for MM. 7 Although the initial trials examined the efficacy of thalidomide, lenalidomide and bortezomib in combination with corticosteroids, more recently several large phase 3 trials [8] [9] [10] [11] have evaluated multidrug combination of the novel drugs used together or in combination with alkylating agents or anthracyclines. Despite significantly improved responses seen with these combinations, 12 studies up until now have not shown any improvement in overall survival (OS) with the multidrug combinations compared with the novel drugdexamethasone combinations. One of the disadvantages of these studies has been the lack of long-term follow up given the recent nature of these trials. Furthermore, interpretation of long-term results is clouded by the heterogeneity in treatment in terms of use of stem cell transplant along with variable use of consolidation and maintenance strategies.
Among these novel agents combinations, lenalidomide and dexamethasone (Len-Dex) is a commonly used initial therapy for newly diagnosed MM. There have been two large phase three trials done with this combination in the setting of newly diagnosed myeloma; one comparing the combination with dexamethasone alone 13 and the second trial 4 comparing two different doses of dexamethasone in combination with lenalidomide.
Although the former trial showed improved responses with the Len-Dex combination before stem cell transplant, no long-term results are available in terms of OS and potential issues with cumulative toxicities. The latter trial showed that lenalidomide in combination with low-dose (weekly) dexamethasone was associated with reduced early mortality, but again no long-term follow up is available as it was designed as an induction trial to assess response before transplant. Furthermore, the risk of second malignancies has been raised as a concern with lenalidomide therapy, as was described in three large recently reported randomized trials using lenalidomide maintenance after initial induction 14 or after autologous transplant. 15, 16 Given these factors, data regarding long-term outcome of initial therapy with lenalidomide and dexamethasone will be helpful in deciding on treatment choices for these patients.
PATIENTS AND METHODS Patients
We retrospectively analyzed the medical records of 305 consecutive patients seen at Mayo Clinic, Rochester with newly diagnosed MM, who received initial treatment with the Len-Dex regimen. The study included patients seen between January 2003 and January 2011, of whom 286 consecutive patients had complete follow up records, and were included in the current analysis. Information pertaining to baseline patient characteristics, laboratory data at diagnosis and data regarding the use of lenalidomide and second malignancies was obtained from the patient database and examination of medical records. All patients had given informed consent for the use of their records for research purposes, and the study was conducted in accordance with the institutional guidelines with approval of the Institutional Review Board of the Mayo Clinic and in accordance with the Declaration of Helsinki.
Treatment
Patients were treated with lenalidomide 25 mg daily for 21 days of a 28-day cycle. Initial patients were treated with high-dose dexamethasone (40 mg on days 1-4, 9-12, 17-20 of a 28-day cycle), which was changed to 40 mg weekly once the results of the E4A03 clinical trial 4 was reported. Supportive care strategies were according to standard clinical practice and have not changed significantly during the study period. Patients received bone disease therapy with a bisphosphonate, typically pamidronate, consistent with our standard practice. All patients received aspirin for thromboprophylaxis, and those at high risk of thrombotic events received warfarin or low-molecular-weight heparin. Antibiotic prophylaxis was not routinely used, and the use of erythropoietic agents was avoided due to the increased risk of thrombosis associated with their use. All patients had disease assessment after each cycle of treatment, and the International Myeloma Working Group (IMWG) uniform response criteria was used to assess disease response. Outside of a clinical trial setting, a bone marrow was not always performed for confirmation of a complete response.
Statistical analyses
Nominal variables were compared using Fisher's exact test and continuous variables were compared using Student's t-test or Wilcoxon signed rank test. Kaplan-Meier method 17 was used for estimating OS, and progressionfree survival (PFS) and survival curves were compared using log rank test.
RESULTS
The median age at diagnosis for the study cohort was 63 years (range; 28-92); 166 (58%) were p65 years, 15 (5%) were over 75 years and 175 (61%) were male. Other baseline characters are described in Table 1 . The median estimated follow-up from diagnosis for the entire cohort was 4.2 years (95% confidence interval (CI): 4.0, 4.7), and 196 (68%) patients were alive at the time of last follow up. Among the 286 patients, fluorescence in situ hybridization data were available for 244 (85%) patients. 90% (n ¼ 219) of patients had fluorescence in situ hybridization abnormalities either at diagnosis or later in the disease course, with 124 (51%) having trisomies and 72 (30%) with translocations involving immunoglobulin heavy chain gene (IgH). Out of 244 patients, 67% (n ¼ 165) had the abnormalities noted at diagnosis, and for the rest of 33% (n ¼ 79) these were noted later during the disease course. High-risk cytogenetics were defined as presence of t(4;14), t(14;16) and t (14;20) at any time or 17p-seen on a fluorescence in situ hybridization at diagnosis. Forty (16%) out of 244 patients had high-risk cytogenetics with t(4;14) in 15, t(14;16) in 8, del 17p in 16 (at diagnosis) and t(14;20) in 1 patient.
Treatment and response
Lenalidomide was used in combination with low-dose dexamethasone in 231 (81%) patients, while the remaining patients received high-dose dexamethasone. The median estimated duration of Len-Dex therapy was 5.3 months (95% CI: 4.6, 6.4), including 93 patients (32%) who stayed on therapy for 12 months or more. The median duration of therapy was similar for the highdose Dex and the low-dose Dex groups. At the last follow up, 41 (14%) patients were still continuing on therapy, having been on therapy for a median of 30 months (range; 4-93). Two hundred and forty-three patients have gone on to receive additional therapy, including 143 (50%) patients who have received a stem cell transplant. Among those going to transplant, 130 patients received early transplant in a planned fashion (p12 months from diagnosis), while the others received transplant at the time of relapse from Len-Dex therapy (salvage or delayed autologous stem cell transplantation). The overall response (Xpartial response) was 72%, including 15% with very good partial response and 11% with a complete response. Out of 286 patients, 14 (5%) were not evaluable for a response either due to missing follow up M protein values or M protein measurements at diagnosis not meeting the threshold for measurable disease. Among the patients on therapy for at least 12 months, the objective response rate was 87%, including 45% with very good partial response or better ( Table 2 ). The proportion of patients with a partial response or better was higher among the high-dose dexamethasone compared with the low-dose Dex group (84 vs 69%; P ¼ 0.04). The median time to best response among those achieving at least a partial response was 4 months (range; 1-40 months). Stem cell transplantation was the most common reason for discontinuation of Len-Dex therapy (39%) followed by disease progression or lack of response (23%) and toxicity (13%).
Survival outcomes
Overall, 184 (64%) patients have had at least one disease progression since diagnosis. The median time to first disease progression, irrespective of transplant status, was 30.2 months (95% CI: 25, 42); Figure 1 . Censoring those patients who proceeded to stem cell transplantation before relapse at the time of bone marrow transplantation, the median time to progression was 25.5 months (95% CI: 22, 29). The median OS for the entire cohort from diagnosis was not reached (95% CI: 6.5, NR (not reached)) and the estimated 5-year survival was 71% (Figure 1 ). There were 16 (5.5%) patients who died within the first year after diagnosis. The median (Figure 2 ). The five-year survival estimates were 74% and 57%, respectively, for the patients younger than 70 and the older patient group. The OS was similar for those receiving high-dose Dex compared with the low-dose Dex group. The 5-year OS estimate for patients in International Staging System stage 1, 2 and 3 were 82, 65, and 44%, respectively ( Figure 3 ). Patient with high-risk cytogenetics had significantly inferior PFS of 1.4 years as compared with 3.4 years among standard risk patients (P ¼ 0.0002) (Figure 4a ). The 5-year estimated OS was 77% for standard risk patients as compared with only 47% for patients with high-risk cytogenetics (P ¼ 0.0001) (Figure 4b ).
Risk of second cancers
In our study cohort, there were 21 new second malignancies after therapy with lenalidomide (6.6%); Table 3 . These included nine with non-melanoma skin cancers (basal cell or squamous cell), three melanomas, two acute myeloid leukemia, two breast cancers Long-term outcome with lenalidomide in multiple myeloma G Srivastava et al and one each of prostate, sarcoma, papillary thyroid, nasopharyngeal and bladder cancer. This translated to 9 malignancies (12 excluding skin cancers) during 1120 person years of follow up from the diagnosis of myeloma. The median exposure to lenalidomide was five cycles (range; 1-93). The median estimated time to the onset of second cancer was 44 months (95% CI: 42, 48). Only age at diagnosis significantly affected the risk of a second cancer; those older than 65 had a 2.7 (95% CI: 1.1, 6.6) fold higher risk for developing a second malignancy (including skin cancer). The estimated duration of lenalidomide therapy among the 21 patients with a second cancer was 10.5 months vs 5.1 months for the remaining patients with no second cancers (P ¼ not significant). More intriguing was the finding of high rate of previous malignancies in this cohort before MM diagnosis with 52 patients (18%) having one or two prior malignancies before diagnosis of MM. Out of these 52 cancers, 37 were solid tumors.
DISCUSSION
In the current era of multiple Food and Drug Administration approved novel agents (both immunomodulatory drugs and proteasome inhibitors), there is an ongoing debate in regards to optimal initial regimen for the treatment of MM. More and more patients are being treated with combination regimen of VRD (bortezomib/lenalidomide and dexamethasone) as this regimen results in high response rate, including high complete response rate. 18 At present there is lack of data indicating any survival benefit for combining all these agents together. In a recently reported study 19 , the OS at 3 years with Len-Dex regimen was similar to three drug regimens, such as combination of CyBorD (bortezomib/cyclophosphamide/dexamethasone) orVRD. Furthermore, two large randomized trials comparing two versus three drugs regimens in the elderly 20, 21 did not reveal any statistically significant difference in OS. In the study 21 by HOVON group, three drug regimen of MPT (melphalan/prednisone/thalidomide) had median OS of 40 months, similar to the 45 months of median survival in the MPT arm of the study 20 by Palumbo et al. 22 Palumbo et al. also compared a four drug regimen VMPT (bortezomib/melphalan/prednisone/thalidomide) (followed by VT, bortezomib/thalidomide maintenance) to a three drug regimen of VMP in an elderly population (median age of 71 years) deemed ineligible for transplant, and 3-year OS was similar at 89% and 87%, respectively. This study 22 did meet its primary end point of improved PFS, with 3-year PFS being 56% in VMPT-VT arm as compared with 41% in the VMP arm though at cost of higher grade 3/4 neutropenia as well as cardiac toxicity (10 vs 5%). Even in the patients eligible for autologous stem cell transplantation after induction therapy, a large randomized study 9 comparing three drug regimen VTD (bortezomib/thalidomide/ dexamethasone) to two drug regimen of TD (thalidomide/ dexamethasone) did not show any difference in survival (3-year OS of 86% in VTD vs 84% in TD arm). Our study demonstrates that with the Len-Dex regimen median survival exceeds 7 years and median OS in patients 470 years in our study was 5.8 years. This is similar if not better compared with other previously reported regimens in elderly patients. 20, 21, 23 The Len-Dex regimen minimizes the toxicity as patients are not exposed to all active agents upfront at diagnosis. In the era of novel drugs, MM is evolving to a chronic disease, and we do need to preserve active agents to be used in a sequential manner at the time of disease relapse. Improved prolonged PFS with the use of multiple agent at diagnosis has not resulted in OS benefit as of yet. 24 Our study provides long-term estimates of responses and survival in a series of patients treated initially with lenalidomide and dexamethasone. The median survival exceeding 7 years reflects the efficacy of the novel agents both at diagnosis and at relapse, and confirms the survival improvements seen in MM in the last decade. Len-Dex is also fairly well tolerated as 32% of patients remained on therapy for 12 months or more. At the last follow up, 41 (14%) patients were still continuing on therapy, having been on therapy for a median of 30 months. Patient with high-risk cytogenetics had worse OS and PFS as compared with the standard risk patients, and this is consistent with recent studies 25, 26 reported in the era of novel therapies. The rate of occurrence of second solid malignancies in our cohort is comparable to rates recently reported in three large randomized trials involving Len therapy. In the study by Palumbo et al.
14 the 3-year risk of second invasive malignancy was 7% in melphalan, prednisone, lenalidomide followed by lenalidomide maintenance, and was 3% in the melphalan plus prednisone arm. In our study the incidence rate was 3.5% for second solid malignancies as compared with 3.3% 16 and 4.3%, 15 respectively, in two lenalidomide maintenance trials after autologous stem cell transplant. In terms of second hematological malignancies, our study had a lower rate of 0.7% as compared with 4.2% and 3.5%, respectively, in the studies by Attal et al. 16 and McCarthy et al.
15
The incident rate of second malignancies in our study is also comparable to what was observed in a pooled analysis of 11 clinical trials of lenalidomide-based therapy for relapsed/refractory MM. 27 The relatively low risk seen in our experience is likely a reflection of timing of the use of lenalidomide. The studies where the increased risk has been reported have been post high-dose melphalan or in combination with melphalan. In our cohort, only 50% of the patients had undergone stem cell transplant. As we are dealing with small numbers of second malignancies, it is very hard to draw any firm conclusions. In this cohort, we identified a high rate of second malignancies even before diagnosis of MM. There were 40 (14%) malignancies (excluding non-melanoma skin cancers) occurring before the diagnosis and treatment of MM, suggesting that their occurrence is secondary to inherent risk among these patients. This is further corroborated by the observations made even before the approval of lenalidomide, that risk of second malignancies is much higher in patients with MM as compared with general population. 28 Recently even monoclonal gammopathy of undetermined significance was reported to be associated with an eightfold increased risk of acute myeloid leukemia/myelodysplastic syndrome, 29 suggesting the risk of second malignancies is likely primarily related to host and disease (MM) related factors. In addition, with the increased survival of patients with MM in the last decade, the patients are now living long enough to develop second malignancies, which Long-term outcome with lenalidomide in multiple myeloma G Srivastava et al we would not have noticed in the past due to short survival. Lastly, the risk of death due to progressive MM remains much higher than due to second malignancies, as was evident in our cohort with only one patient dying due to second malignancy (acute myeloid leukemia) developing after MM diagnosis.
Limitations of our study include those common to retrospective studies using data abstracted from patient records. These data sources tend to capture incomplete information regarding toxicity. The major strength of this study is the large sample size of patients who were treated homogenously according to consensus guidelines set forth by our group.
In conclusion, this study demonstrates that long-term outcomes with Len-Dex regimen results in median survival exceeding 7 years, is associated with superior results in the elderly, and the risk of second malignancies does not appear to be excessive in the context of primary therapy with lenalidomide dexamethasone combination.
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